The environmental and socio-economic impact of erosion in Nigeria is huge and well-known to international organizations including the United Nations. Although gully erosion is a serious problem in south eastern Nigeria, it does not affect all the states in the region equally. While Abia, Anambra Enugu and Imo states are severely affected, Ebonyi state is mildly affected. It is shown in this paper that geology and nature of soils underlying the areas, rather than the level of human activity, are the main reasons for the difference in severity. It is emphasized that even the smectite-rich soils covering major parts of Ebonyi state are less prone to gully erosion than the loosely consolidated coastal sands covering the other states. Multiple potholes are a constant distinguishing feature on the smectite-rich roads but not gullies. Most adults do not have proper understanding of sediment disaster nor do they want a career in geo-disaster related discipline. This paper theorizes that apathy and ignorance will hinder any effort at erosion control; and perpetuate the negative impacts of erosion in the area for a long time to come.
INTRODUCTION
Erosion is arguably the single most serious natural hazard in Nigeria, affecting nearly every part of the country but more aggressive in the south eastern part where it has killed people, torn roads in shreds, destroyed homes, schools, farmlands, and displaced poor people. The Federal Ministry of Agriculture estimates that over 40 million tones of soils are washed away annually by erosions in Nigeria [Federal Republic of Nigeria, 2007] . Global warming and climate-driven changes are certain to drive this estimate up in the coming years as the southeastern part of the country tries to cope with a corresponding increase in annual rainfall which is already over 2000 mm. The economic consequence is unbearable. Official figures show that between 1981 and 1995, Nigeria had lost over 100,000 km 2 of farmland and forest to erosion [Hudec et al 2005] . Over a 30 year period the losses have totaled 285, 000 km 2 or just about a third of Nigeria's landmass [Hudec et al 2005] . Hudec et al 2005 reports that more than 10 villages in Abia state ( Fig. 1) with a combined population of more than 20,000 have been cut off from the rest of the state by gullies since 1998.In December 2002, the Federal Government of Nigeria signed a contract worth 30 million US dollars for 16 projects in 13 states affected by gully erosion. Deforestation, unsustainable farming practices, sloppy engineering and geotechnical works including road construction and drainage systems are the dominant factors breeding gully erosion in Nigeria. The environmental impact of erosion in Nigeria is huge with time running out as climate change and climate-driven changes make matters worse in this West African country. Geo-morphological features that were nothing more than cracks a decade ago are today gaping gullies whose sizes and threats are only equivalent to those of canyons. Roads have become death traps. Rivers and ground water have been contaminated. Displaced villagers and those cut off from the main cities have are the new faces of tragedy in a developing. Two national newspapers recently claimed that over 500 life-threatening gullies have been discovered in Imo state alone, meaning that there could be over 20, 000 such gullies in south eastern Nigeria. If the trend is not checked the south east is in danger of losing all its land resources by the close of next century.
OVERVIEW OF IMPACT AND RESEARCH BACKGROUND

Overview of impact
Gully erosion, commonly triggered by disruption of surface cover by unsustainable agricultural practices, agricultural mismanagement, climate change, sloppy construction of roads, foot paths, and poor or improperly maintained drainage systems is a menace in the south eastern part of Nigeria. The effect of gully erosion is felt in both rural and urban areas. Gulling cuts off communities, cuts roads, drinking water supplies, and other important socioeconomic entities of communities. The World Bank estimates that soil degradation affects over 50 million people in Nigeria and accounts for the loss of resources amounting to US 3000 million per year. In 1964, 47% of soils in Eastern Nigeria was affected by moderate sheet erosion; 20% by severe sheet erosion [Ofomata, 1976] . By 1990, gullies have occupied 4% of the south Eastern states (World Bank, 1990) . Population increase and the corresponding increase in intensity of land use for the purposes of food production have added a malignant dimension to an already bad tumor. The Nigerian population has increased from 115 million to 140 million in 2006 [Federal Republic of Nigeria, 2007] . This has no doubt accelerated soil degradation.
Although soil erosion has for a long time been recognized as a serious threat to lives and resources in Nigeria [Stamp, 1938] no successful effort has been made at checking the disaster that often result from it. Poverty, apathy and increasing population are the major reasons for this failure. The high rate of illiteracy, lack of expertise in geo-disaster management, unsustainable agriculture practices, lack of or poorly constructed drainage systems are all products of poverty hindering efforts at erosion control in Nigeria. The indifference of various levels of government to problems of erosion, and the apathy of young people towards making a career in geo-disaster management has further weakened the impact of any effort at erosion control. Proper soil management and conservation can substantially reduce soil degradation and enhance agricultural production, food security and prosperity [Ehui and Pender, 2005] . The poor, including women and children is affected most because there are the ones who live in dangerous places. With the effects of global warming all but certain to increase urgent step are a necessity if the hardship these poor people suffer is to be arrested.
Background of present research
Most papers and works on erosion in Nigeria have mainly focused on the effect of increased agricultural activity arising from increase in population; and poor or lack of drainage systems as the major factors driving erosion and sediment disaster in southeastern part of Nigeria. While these factors certainly exacerbate soil erosion they do not explain why erosion severity varies in these states bond by poverty, lack of adequate man-power in civil engineering and high level of illiteracy. For effective control of erosion and mitigation of sediment disaster in these areas, site specificity must be taken into account. Any blanket measure will ultimately lead to failure or poor results. Soil erosion is the most dominant type of soil degradation in Nigeria. United Nation Food and Agriculture Organization affirmed this in its 2005 report where it expressed concern for the high rate of soil degradation and the apparent inability of the Government to contain the trend. Soil degradation results in reduced soil quality and productivity [Morgan, 1999; Lal, 2001] .
LOCATION AND GEOLOGY
Nigeria is located between 4°N and 14°N of the equator. The western frontiers runs from 3°E and the eastern reaches nearly 15°E of the meridian. It is bounded by Cameroon to the east, Chad to the northeast, Niger to the north, Benin to the west and the Atlantic Ocean to the south (Fig. 1 ). Nigeria has a federal form of government and is divided into 36 states. Nigeria has a population of over 140 million and covers an area of 923,768 sq km. At its widest, it measures about 1,200 km from east to west and about 1,050 km from north to south. The country's topography ranges from lowland along the coast and in the lower Niger Valley to high plateaus in the north and mountains along the eastern border.
Description of geology and nature of soils in the gully prone regions
The area's most affected by gully erosion are underlain by poorly consolidated, well graded coastal plain sands that are particularly vulnerable. Gullies of more than 15 m deep can be found in Abia, Anambra, Enugu and Imo states (Fig.1) . The situation is a bit different in Ebonyi state underlain by thick shales, and clayey soils (Fig.2) . Costal erosion affects almost all the states bordering the Atlantic ocean. These include Lagos, Ogun, Ondo, Edo, Delta, Bayelsa, Rivers, Akwa Ibom and Cross River states. Lagos is the most populous city in West Africa. The coastal erosion in the Lagos Bar beach threatening lives and property valued at several billion US dollar is frightening. 
PROPORTION AND THE MECHANISM OF GULLY FORMATION
Proportion of the gullies
Gullies, which more often than not, start as mere cracks, are mainly initiated by heavy rainfalls. Once initiated, they become easy courses and paths for downslope movement of water from later storms. Within weeks or months, depending on the severity of rainfall storms, the gullies are eroded in three dimensions by the flowing water making it deeper and wider (some gullies in Nigeria are the size of canyons, for example, the Nanka gully in Anambra state (Fig. 3) . With time, associated processes like landslides and slumps and other related phenomena only help to deepen and widen the gully at great speed. Some of the gullies are thought to be advancing at 150 m per year [Hudec et al 2005] . If the gullies and the processes responsible for them are not confronted, mega gullies the size of canyons and badland topography results with serious ecological and economical consequences (Figs. 3 and 4) . Other notorious gullies in Nigeria are the Ibaji, Auchi gullies (Figs. 4 and 5.) and the Ekwulobia gully. Gully erosion occurs when wearand-tear on the surface land causes rainwater to accumulate in one area, causing loss of vegetation cover, localized erosion, and the formation of gullies, which now grows into a complex system of gullies. The resulting run-off from the hillsides often pollutes water supply, while landslides threaten villages and highway travelers. 
Mechanism of gully formation
Some earth scientists think that several valleys established by gullies more than 200 hundred years ago are the ones undergoing further erosion in the present day. These channels eroded into red earth and unconsolidated geologic materials forming erosion gullies having almost vertical slopes. Increased erosion activities in the vicinity of the early gullies have continued to expand these gullies into a complex system. Some of the gullies especially those in southeastern Nigeria are now of canyon proportion e.g. the Nanka canyon in Anambra state (Fig.3) ; the Ibaji erosion (Fig.4) and the Auchi Erosion (Fig.5) ; Slope/mass movement occurs in areas of relatively steep topographic slopes underlain by unstable materials. Slides are known to result from high concentrations of soil moisture that lubricate the surface materials leading to increase in pore pressure and reduction in shear strength. When landslides occur, they may cause severe damage to structures and systems (building may be buried or villages swept away). Rivers may be blocked, causing flooding, crops may be affected. Sometimes, areas of crop-producing land may be lost altogether. When landslides are combined with very heavy rain and flooding, the movement of debris (e.g. remains of buildings uprooted) may cause high levels of damage and destruction. The most prominent in terms of danger can be found Agulu, Nanka, Alor, Oraukwu, Oko, Ukehe in Anambra State and parts of Udi in Enugu state. Other catastrophic gullies occur at Amucha, Isuikwuato, Ohafia, Abriba and Arochukwu in Imo State and Abia states (all in the southeastern part of In all these places, with similar stratigraphic sequences of thick cohesionless sand strata overlain by a red clayey sand stratum and surface earth of either sandy loam or silty loam, intense gulling involving sudden and often catastrophic movements of large earth masses, has sent villages packing, wrecked homes, swept crops and washed roads away.
DIFFERENCES IN EROSION PATTERN
In areas underlain by loosely consolidated sands, roads are easy targets as they quickly buckle to the erosive forces, sometimes cutting off major economic and social routes. Lack of drainage systems expose these roads to erosion following weeks or months of heavy rainfall. The first storms dig into the roads forming holes of different sizes. Subsequent storms tear the roads, deepen the holes and form gullies (Fig.6 ). Left unchecked, as often the case in Nigeria, the gullies grow rapidly until the road is cut. It usually takes less than 2 years between the formation of the first cuts and the development of big gullies in these areas. This type of gully formation is typical in Abia, Anambra, Enugu and Imo states. Although there is a poorly constructed drainage, the road still cut from the side. It is noted that there is a clear absence of potholes on the road. Apart from the gully by its side, the road is otherwise smooth for vehicle owners.
In Ebonyi state and its environs, the situation is different. The smectite-rich clayey soils are obviously a nightmare for civil engineers constructing roads but are at the same time, less prone to gully erosion. Most of the roads built on these problematic clays quickly develop multiple pot holes which make driving a bad dream; but gullies that tend to cut the roads are rare even with drainage systems lacking (Figs. 7, 8 and 9 ). The big depression in Fig. 8 is a result of erosive forces eating through the base of the spot where water not accumulates but also the pressure of flowing water is greatest. It's a bad commentary on the engineers who constructed the road. Repair work seen in Fig. 8 , is usually enough to protect the problematic spot even if the life span of such protection is short. This method of repair is a major feature distinguishing the soils around Ntezi.
Mineralogy of the soils along Ntezi-Onicha road
Soils were taken from shallow boreholes at various depths for XRD investigation. The water content of the soils at various depths was also investigated. A total of 8 boreholes were sampled. These boreholes are marked as SH1 through SH7. Samples from borehole SH1 was then subjected to XRD analyses. The SH1 borehole was located at the depression shown in Fig. 8 . The results of XRD analyses is presented in Table 1 Fig.7. Erosion (eating the base) at its early stage, Ntezi-Onicha road The soils along the Ntezi-Onicha road (Figs. 7, 8, 9 ) contain significant amount of smectite, kaolinite, illite and chlorite with the amount of smectite and kaolinite increasing with depth while illite decreases with depth. The amount of chloride remained more or less constant within the limited depth investigated. Values of water content are shown in Fig. 10 . Swelling or expansive clays are a major geologic hazard causing extensive damage to infrastructures world wide every year. The smectite family of clay minerals which includes the notorious montmorillonite, has the most swelling potential and accounts for most of the damage resulting from expansive clays. Smectites have an expandable structure which increases colloidal activity due to a significant increment of specific surface. All of the structure's surfaces, including intra-layers are available to hydration and cationic exchange. These characteristics give montmorillonite the capacity to swell between layers due to hydration. The NteziOnicha road may eventually be cut by a gully, but that would not happen at the speed roads in other areas will collapse. It is noted that agricultural activity, road construction, and lack of good drainage systems fall within the same range in all the south eastern states. Why then would intense agriculture and poor civil engineering be blamed for the serious erosion in the areas? Geology and nature of soil are the real culprits.
IGNORANCE AND APATHY
A survey of 250 people classified as middle school students, high school students, university students and university graduates shows that most teenagers and adults do not know enough about sediment disaster nor do they wish for a career in geo-disaster discipline (Table. 2). Most people would prefer to become doctors or lawyers instead of the 'dirty' and low paying jobs of risk managers. It is shocking that 59 % of respondents in the university student class do not know anything about sediment disaster. 44 % of respondents in the university graduate class have poor knowledge of sediment disaster. This paper thinks that this is where the real problem of erosion control and management lies. The biggest problem though is that most of the respondents do not want a career in geo-disaster related discipline. This is what the paper calls apathy. The problem of soil erosion control in Nigeria is therefore multifaceted. Poverty ravages the country. But, assuming there is money to initiate projects, there will be a shocking lack of adequate man-power. There Table 2 . A survey about how much people know about sediment disaster is a dearth of experts in the areas of geo-disaster management, and with the current trend of apathy and ignorance amongst young people any effort at erosion control might fail. That's why the problem of erosion has continued to eat deep into the very existence of Nigerian society. The government should embark on a positive reversal project to check the trend.
Solving the problem of soil erosion
To solve the problem of soil erosion in Nigeria, the following are recommended: 1. Establish geo-disaster related research institutes: It might serve Nigeria better if it established research institutes dealing with sediment disaster. But, at the present state of the economy, Nigeria needs foreign aid to have sustainable institutes. The research institutes could be independent or made part of universities. Japan is a perfect example to follow. With many research institutes under government or private control this disaster-prone country has reduced the risk of natural hazards to a manageable proportion. Research institutes will produce research outcomes that will guide policy makers and those responsible for civil engineering constructions. Sloppy drainage systems and roads will become history. 2. Create a bottom-to-top management policy that concentrates power and authority in the hands of local government areas. Local people should be given the power and vested authority to control their destiny since in the real sense of it, they are the ones feeling the brutality of gully erosion. Again, Nigerian government should learn from Japan, where the local administrations have not only enough money to deal with natural disaster but also the power to issue evacuation and emergency orders. In Nigeria, only the 5. Give road construction or erosion control projects to qualified persons or companies. Merit should be the watch word. Anything less will breed disaster. 6. Foreign aid should pour in. Nigeria is a poor country. It cannot control erosion on its own. It needs help from within and outside the country. Government finds it difficult to pay for even a simple attempt at mitigating erosion like the one shown Fig.11 . Such projects usually take many years to complete or are abandoned all together until the erosions cause havoc as in the case of Ekwulobia shown in Fig.12 where houses were destroyed.International organizations, institutions and universities can help in this regard. Aid can come in the form of scholarships to Nigerian students and professionals to train abroad or as geo-science laboratory and field equipment for Nigerian universities. With well-trained personnel, Nigeria should be able to reduce the sediment related hazards to a controllable dimension.
CONCLUSION
Soil erosion is a serious problem in Nigeria resulting in loss of resources worth hundreds of millions of dollars every year. The southeastern part of Nigeria is under enormous pressure from mega gullies that are rampant on their landscape. But the severity of gully erosion varies significantly in the five Eastern states with Ebonyi being mildly affected while others are strongly affected. The difference in severity is due to the difference in geology and soil type underlying the areas rather than human activity.
Fig.12. Collapsed houses due to Ekwulobia gully
The smectite-rich soils found in Ebonyi state, though a big headache of their own to society, appear less prone to gully erosion than the loosely consolidated costal sands underlying the most severely affected parts. Although poverty is a strong factor hindering erosion management in Nigeria, ignorance and apathy are the only factors that might perpetuate sediment disaster in this sub-Sahara African country. The level of ignorance about sediment disaster is baffling with less than 50 % of adults knowing enough about geodisaster. And only a fraction of this number agrees to make a career in a sediment-disaster discipline.
